The South American giant ant, Dinoponera quadriceps (Hymenoptera, Formicidae, Ponerinae), produces proteinaceous venom that has antinociceptive, neuroprotective and antimicrobial effects, thereby supporting the popular use of these ants to treat asthma, rheumatism, earache and back pain. Anticoagulant activity is another biological property that has been shown for the venom of other hymenopteran species, like wasps. The aim of this study was to assess the anti-inflammatory, anticoagulant and antiplatelet properties of D. quadriceps venom (DqV). DqV anti-inflammatory activity was assessed by intravenous administration in Swiss mice in the models of paw edema and peritonitis. In vitro, DqV was assessed in coagulation (activated partial thromboplastin time) and platelet aggregation tests. DqV inhibited (27-33%) the edema elicited by carrageenan and the leucocyte migration (43%) elicited by zymosan. DqV decreased by 57% and 42%, respectively, the content of malondialdehyde and nitrite in the peritoneal fluid. DqV prolonged (1.8x) the clotting time and decreased (27%) the platelet aggregation induced by adenosine diphosphate. The crude venom of D. quadriceps presents an anti-inflammatory effect in mice and in vitro anticoagulant and antiplatelet effects.
The giant ant Dinoponera quadriceps Kempf, 1971 (Hymenoptera, Formicidae, Ponerinae) is a ground-dwelling ant whose small colonies (up to 100 workers per nest) are found in a variety of vegetation types of northeastern Brazil [1a,b] .
As in many other species of primitive ant groups like Ponerinae, Paraponerinae, Ectatomminae, and Myrmeciinae, D. quadriceps sting and its associated gland venom are used as either a defensive and/or offensive device in prey capture, fight with competitors and defense against predators [2a,b] . In folk medicine, stings of living ants or crushed Dinoponera ants are used to treat earache, rheumatism, back pain and even asthma [3a,b,c] . Experimental studies have demonstrated the antinociceptive effects of the proteinaceous venom produced by D. quadriceps in models of inflammatory nociception [4] , besides antimicrobial [5a,b] and neuroprotective [6] effects. In other hymenopteran species, antiinflammatory [7a,b,c] and anticoagulant effects have also been demonstrated [8a,b] . The aim of this study was to assess the antiinflammatory, anticoagulant and antiplatelet properties of D. quadriceps venom (DqV).
The biphasic (osmotic and cellular) paw edema elicited in mice by the flogistic agent carrageenan involves a cascade of early-(1-2 h) [9] and late-phase (2-4 h) inflammatory mediators, including nitric oxide (NO) [10] . Zymosan elicits leukocyte migration via macrophage release of free radicals, among other mediators, such as NO [11] . DqV inhibited by 33% the carrageenan-elicited edema at the 4 th hour (carragenan: 60.0 ± 13.0 μL vs. DqV: 51.4 ± 11.2 μL) and by 27% at the 5 th hour (carrageenan: 58.5 ± 14.3 μL vs. DqV: 45.7 ± 11.0 μL) (Figure1A), demonstrating an effect in the cellular phase of inflammation. In peritonitis induced by zymosan, DqV inhibited by 43% the migration of total leucocytes (4489 ± 923 mL -1 vs. zymosan: 7663 ± 549 mL -1 ) and by 52% the neutrophil number (2813 ± 675 mL -1 vs. zymosan: 5865 ± 490 mL -1 ) ( Figure   1B ). These results corroborate the antinociceptive effect of DqV [4] and are in line with the anti-inflammatory effect of other hymenopteran venoms (e.g. Pachycondyla sennaarensis and Apis mellifera) [7a-c] . It is also in accordance with the popular use of macerated D. quadriceps ants as an anti-inflammatory [3a-c] .
In general, inflammatory processes are associated with oxidative stress. Malondialdehyde (MDA) is one of the most sensitive indicators of lipid peroxidation [12] and NO has been implied in oxygen toxicity via reaction of superoxide radicals forming peroxynitrite [13] . In this study, DqV decreased the level of MDA in the peritoneal fluid by about 57% (35.29 ± 3.09 µg/L) compared to the control zymosan (83.2 ± 3.9 µg/L) ( Figure 1C ). Accordingly, DqV decreased by 42% (6.2 ± 0.9 nM) the nitrite content in the peritoneum stimulated by zymosan (10.6 ± 1.4 nM) ( Figure 1D ). These data suggest that DqV contains modulator molecules of cellular oxidant/antioxidant mechanisms involved in acute inflammation elicited by zymosan. In this line, the Mastoparan-B peptide isolated from Vespa basalis venom presented antioxidant effects reducing the NO scavenger activity and increasing the antioxidant activity of glutathione peroxidase and superoxide dismutase enzymes [14] . Besides, DqV reduced MDA and nitrite contents in mice convulsed by pentylenetetrazole [6] .
Many hymenopteran venoms elicit hemolysis and bleeding disorders [15] . Our study demonstrated that DqV prolonged the clotting time in the activated partial thromboplastin time (aPPT) test by 1.7x at 0.03 (71.0 ± 1.15 s) and 1.8x at 0.06 mg/mL (78.0 ± 5.0 s) compared with the control (42.7 ± 2.3 s) (Figure 2A ), suggesting a discreet inhibition in the intrinsic and/or common coagulation pathway. Anticoagulant activity had already been described for the crude venom of Vespa orientalis [8a] and for the protein isolated the venom of Vespa magnifica wasps [8b]. We further demonstrated that DqV (5 μg/μL) decreased by 27% (63.7 ± 3.2%) the platelet aggregation induced by adenosine diphosphate (ADP) (87 ± 6.74%) at a lower concentration than that used for the ADP antagonist clopidogrel (200 μg/μL; 30%). Unlike wasp venoms that activate platelet aggregation [16a,b] , DqV was unable to induce aggregation per se ( Figure 2B ).
The crude venom of D. quadriceps presents anti-inflammatory effect in mice, involving inhibition of free radicals, and in vitro anticoagulant and antiplatelet effects. These findings are indicative of a potentially important tool to be used in future studies of inflammatory and thromboembolic conditions. quadriceps workers were collected (SISBIO authorization nº 28794-1) in the ''Serra de Maranguape'', a small mountain range in the metropolitan area of Fortaleza (State of Ceará-Brazil). Ants were kept at a constant temperature of 30 ± 2°C, with a 12/12 h light/dark cycle, in plastic boxes (60 cm x 38 cm and 13 high) with PVC tubes (4 cm in diameter, 38 cm in length) as nesting sites. They were fed ad libitum with Tenebrio molitor larvae and water. In order to induce venom secretion, D. quadriceps ants were seized in the petiole region with entomological forceps and their sting was introduced in a capillary tube containing 10 mM ammonium acetate buffer (pH 6.8). Venom was further lyophilized and stocked at -20°C. agents. Negative controls received sterile saline (0.9% NaCl; 50 μL/10 g body weight; i.v.). Paw edema was induced by subcutaneous (s.c.) intraplantar injection of 1% carrageenan (50 μL) and measured by plethysmometry (PanlabLE-7500) before (zero time) induction and at 30 min and from 60 to 360 min after induction. Edema was calculated by the difference in paw volume displacement (μL) after stimuli and zero time. Indomethacin (10 mg/kg; s.c.) was injected in the contra lateral paw as reference drug 30 min prior to carrageenan. Peritonitis was induced by intraperitoneal (i.p.) injection of zymosan (2 mg/kg; 500 μL) and evaluated 4 h later. After sacrifice, peritoneal cells were collected, via injection of 3 mL phosphate buffered saline containing heparin (5 IU), for total and differential leukocyte counts [17] . The peritoneal fluid was also assessed for both MDA [18] and nitrite [19] content.
Inflammation models:

In vitro tests:
Human blood was obtained from healthy volunteer donors of the Hematology Center of Ceará-Brazil (resolution n° 466/2012 of the National Health Council). Coagulation was performed in human plasma pre-incubated (37°C, 1 min) with DqV, heparin (156 IU) or saline and evaluated by the aPTT. The clotting time was measured up to 300 s in a coagulometer (CLOTimer DRAKE), according to the manufacturer's specifications (BIOS diagnostica). Platelet aggregation was performed in platelet rich plasma pre-incubated (37°C, 1 min) with either DqV (5-50 μg/μL) or clopidogrel (200 μg/μL). Aggregation was induced by ADP (3 μM) and measured during 5 min in an aggregometer (Qualiterm PA.04), calibrated with platelet poor plasma (100% T) [20] .
Statistical analysis:
Results were expressed as mean ± SEM and analyzed by ANOVA and Bonferroni's test (p≤0.05).
